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icroevolution of Puumala hantavirus during a complete pop-
lation cycle of its host, the bank vole (Myodes glareolus)
. Razzauti1,∗, A. Plyusnina1, H. Henttonen2, A. Plyusnin1
Haartman Institute, University of Helsinki, Helsinki, Finland
The Finnish Forest Research Institute, Vantaa, Finland
Background: Hantaviruses are etiological agents of two signiﬁ-
ant diseases in humans: hantavirus cardiopulmonary syndrome
HCPS) in the Americas and haemorrhagic fever with renal
yndrome (HFRS) in Eurasia. The geographic distribution of han-
aviruses and epidemiology of associated infections is rooted to the
istribution andhistory of their primary rodent hosts. Hantaviruses
re rodent/insectivore-borne viruses each carried by a speciﬁc host
pecies that is persistently infected. The natural host of Puumala
irus (PUUV), the main rodent-borne pathogen in Europe, is the
ankvole,Myodesglareolus.Theemergenceofhantavirusoutbreaks
s correlated to the population dynamics of the bank vole.
Methods: Microevolution of PUUV was studied throughout a
opulation cycle of its primary host. We monitored PUUV variants
irculating in a bank vole population over a ﬁve-year period that
ncluded two peak-phases and two population declines. Of 1369
ank voles examined, 360 (26.3%) were infected with PUUV. Partial
equencesof genomeRNAsegments (approx. 12%ofPUUVgenome)
ere recovered from 356 bank voles.
Results:Analyses of these sequences led to the following obser-
ations: 1) nucleotide substitutions are mostly silent and deduced
mino acid changes aremainly conservative, suggesting strong sta-
ilizing selection at the protein level; 2) all three genome segments
ccumulatemutations as a separate gene pool; 3) frequently occur-
ing PUUV variants are composed of the most abundant segment
enotypes (copious) and new transient variants are continually
enerated; 4) reassortment of PUUV genome segments occurs fre-
uently and follows a speciﬁc pattern; 5) prevalence of reassortant
ariants oscillates with season and is higher in the autumn than
n the spring; and 6) reassortants are transient, i.e., they are not
ompetitively superior to their parental variants.
Conclusion: Collectively, these observations support a quasi-
eutral mode of PUUV microevolution with a steady generation
ate of transient variants, including reassortants, and preservation
f a few preferred genotypes.
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Invitro cultureof inﬂuenzaAalters theevolutionary trajectories
of viral populations
N. Renzette ∗, P. Lui, D. Caffrey, K. Zeldovich, J.Wang, R. Finberg, T.
Kowalik
University of Massachusetts Medical School, Worcester, MA, USA
Background: Inﬂuenza A virus evolution and genome segment
reassortment are responsible for the development of seasonal and
pandemic outbreaks of inﬂuenza. While much effort has been
devoted to thegeographic andmolecular epidemiologyof inﬂuenza
Aviruses, far less attentionhas beendirected at intrahost evolution,
which may impact both viral epidemiology and the development
of antiviral drug resistance.
Methods: We have developed a workﬂow and data anal-
ysis pipeline to deep sequence samples containing inﬂuenza
A viruses. The model system used in this initial study was
egg-grown inﬂuenza A strains (Brisbane/59/2007 (H1N1) and Bris-
bane/10/2007 (H3N2)) that were serially passaged through MDCK
cells. Cell free virus was processed for sequencing on Illumina plat-
forms. In-house algorithms were developed to align and analyze
sequences.
Results: Both Illumina GAII and HiSeq2000 platforms provided
high quality and comparable sequence data with longer reads and
greater depth obtained from the HiSeq2000 platform. Inclusion
of RNA controls of known sequence was used to conservatively
deﬁne an error threshold of 1.8%. The nucleotide diversity of popu-
lations ranged from 0.03% to 0.22% with 33 to 881 segregating sites
detectedacross the∼13.5kbRNAgenome.Nucleotidediversitywas
consistently higher for the H3N2 viral sequences obtained from
eggs up through 8 passages in MDCK cells. Nucleotide diversity
of both viral populations stabilized at ∼0.07% through subsequent
passages although the frequencies of individual SNPs continued
to change. Examination of allelic biasing revealed evidence of
rapid and evolving selection as the viruses were passaged into and
through MDCK cells.
Conclusion: A high throughput deep sequencing and analysis
platform has been established to analyze inﬂuenza A virus evo-
lution. Passage of viruses from eggs through MDCK cells revealed
dynamic structural changes in viral populations and evidence for
positive selection was observed. Both the rapid and dynamic selec-
tion found in inﬂuenzaApopulationsproduced inMDCKcells raises
questions regarding their use as viral culture vehicles for inﬂuenza
virus sequence analysis.
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